IntroDuctIon
The ARGOS (Automatic Remote Grand Canal Observation System) system has been designed and realized with the objective of monitoring all the naval traffic in the Grand Canal of Venice, using only a set of video-cameras placed on top of the buildings facing the Canal. A replica of ARGOS was later implemented in Venice, in the commercial harbour area and the Giudecca Canal. This new system, named HYDRA, features also thermal-IR vision in addition to visible and near-IR, in order to guarantee vision in total darkness and through fog or smoke. The systems are employed to guarantee the safety of large-vessel navigation in sensitive areas like the lagoon and within the historical city area.
Among the many motivations for building such a system, the Venetian Municipal Authorities have identified a critical aspect, which is wave motion, as one of the major causes of damage to the basement structures of historical buildings in Venice. This is mainly due the increase in boat mass and speed consequent to the diffusion of large diesel engines. Since then, the Venetian Municipal Authorities have been involved in defining rules and tradeoffs suitable for the need of mobility of goods, inhabitants and tourists on one hand, and the need of preservation of historical heritage on the other hand. Measures such as speed limits and strict traffic behavior rules, though, were proven to be only partly effective, due to the lack of continuous and autonomous traffic monitoring systems.
ARGOS and HYDRA answer to the specific requirements for the boat navigation rules in Venice while providing a combined unified view of the whole Canal waterway. Such features far exceed the performance of any former commercially available product. Therefore, specific software has to be developed, based on the integration of advanced automated image analysis techniques. The systems also provide a unified man-machine interface allowing operators to gain important knowledge about the real-time status of the traffic and the results of statistical analysis.
In this paper we describe the implementation of the computer-vision-based system that allows for detecting and tracking the boats in the canal. After a brief overview of the ARGOS and HYDRA systems given in Section 2, we will describe the Computer Vision techniques used in Section 3. Section 4 describes the application of the system and Section 5 shows the results of the experimental evaluation performed to measure the system performance.
ovErvIEW of tHE ArGoS AnD HyDrA SyStEMS
The ARGOS and HYDRA systems have been developed and are currently under operation for 24/7 all-weather day-night operation.
The ARGOS system is controlling a waterway of about 6 km length, 80 to 150 meters width, through an array of observation posts (Survey Cells). Each survey cell is composed of 3 IR/VIS optical sensors: one center wide-angle (90 degrees), orthogonal to the navigation axis, and two side deep-field cameras (60 degrees). Detected images are rectified and stitched together so as to generate a composite plain view, similar to a radar image. The resulting overall view field along the waterway could stretch over 250-300 meters end-to-end.
The HYDRA system instead covers a much larger area, since Giudecca Canale is about 300 meters wide. Moreover, buildings are further away from the Canal and boats thus have a much smaller appearance in the image space. For the HYDRA system we thus decided to configure the Survey Cell with four high resolution color cameras with 45 to 60 degrees FOV and four 320x240 thermo cameras placed in the same direction of the color ones.
Every survey cell has also a high-resolution Pan-Tilt-Zoom camera which is used to zoom and follow a particular boat. This can be done either in an automatic way by the system or through the use of a joystick.
Some examples of survey cells, installed just below the roof of several buildings leaning over the Grand Canal or on some ad-hoc installations, are shown in Figure 1 . The figure also shows the views from one of the Survey Cell in ARGOS and HYDRA. Notice that the HY-DRA view contains both the color image and the thermo image (where temperature is represented in gray scale).
All the cameras in a Survey Cell are connected to a local computer where images are processed through a two-level analysis software: a module for image re-sampling, rectification and stitching of contiguous images which, in
